Isolated nuclei of lactating mouse mammary gland were capable of supporting DNA-dependent RNA synthesis in vitro in presence of unmodified and mercurated CTP (Hg-CTP) at high ionic condition at 25°C. In presence of unmodified CTP, [ 3 H]UMP incorporation into RNA increased linearly upto 180 min. The kinetic pattern of the reaction and the rate of RNA synthesis were essentially similar when CTP was replaced by Hg-CTP. Both in unmodified and Hg-CTP containing reactions, 70-80% of RNA synthesis was inhibited by a-amanitin. Presence of poly(A) in a small portion of the in vitro synthesized messenger-like RNA was detectable by oligo(dT) cellulose chromatography. Both poly(A) + and poly(A)" RNAs sedimented with a clear peak around 15S region in a formamide-sucrose denaturing gradient. The Hg-RNA after separation from endogenous nuclear RNA by SH-agarose a f f i n i t y column chromatography also sedimented around 15S region in a formamide-sucrose gradient. The Hg-RNA synthesized in the isolated mammary cell nuclei in vitro should now permit monitoring hormonal regulation of specific gene (casein) transcription in the mammary cells by molecular hybridization of the Hg-RNA with cDNA to casein mRNA.
INTRODUCTION
The synergistic actions of prolactin and a glucocorticoid (hydrocortisone or corticosterone) are required for lactogenesis, including casein synthesis, and in recent years elucidation of the mechanisms involved in this multiple hormone regulated specific gene expression in the mammary cells has been of considerable i n t e r e s t 1 " 4 . Studies in our laboratory have demonstrated that an enriched glucocorticoid environment in the post-partum mothers is conducive to the maintenance of larger ribosomal aggregates, active in casein synthesis in the lactating mammary gland 5 . We have also reported that the glucocorticoid in presence of prolactin is required for the induction as well as maintenance of the casein mRNA i t s e l f 5 " 7 . The same series of studies further revealed that cellular concentration of the casein mRNA i s also modulated by the intensity of suckling 5 , a stimulus known to regulate the p i t u i t a r y prolactin release by indirect activation of the hypothalamo-hypophyseal c o n t r o l 8 . These observations thus raise the question concerning the discrete role of the glucocorticoid and the polypeptide hormones on the transcriptional regulation of the mRNA for the m i l k -p r o t e i n . Elucidation of the above question requires a c e l l -f r e e RNA synthesis system, which permits r e l i a b l e monitoring of transcription of the s p e c i f i c mRNA f o r the milk p r o t e i n .
Widnell and Tata 9 f i r s t reported that isolated nuclei of l i v e r c e l l s in a short term c e l l -f r e e RNA synthesis system can support a predominant synthesis of DNA-like RNA at high ionic conditions. Recently, a few reports have i n d icated that f a i t h f u l RNA synthesis in isolated nuclei at high ionic condition can be sustained f o r an extended period of t i m e 1 0 " 1 2 . Moreover, reports also indicate that isolated nuclei and chromatin can support synthesis of mercurated RNA (Hg-RNA) in vitro i n presence of mercury-labeled nucleotide (Hg-CTP or Hg-UTP) in the reaction m i x t u r e 1 3 " 1 7 . The technical f e a s i b i l i t y of separation of the Hg-RNA synthesized in vitro from pre-existing excess nuclear RNA by SHagarose a f f i n i t y column chromatography 18 appears to provide the tool for monitoring specific gene transcription in vitro 13 -15 ' 17 .
In this report we present the results of studies on a predominantly RNA-polymerase I I directed extended RNA synthesis system, derived from isolated nuclei of l a c t a t i n g mammary c e l l s and also the synthesis of Hg-RNA in a similar in vitro model.
MATERIALS AND METHODS

Isolation of Nuclei
The methods described by Yu 19 was used with some modifications to s u i t the conditions of the lactating mammary tissue. Lactating (10-11 day) BALB/c mice nursing 6-8 pups were k i l l e d by cervical dislocation; mammary glands were excised and stored at -80°C. Frozen mammary tissue was pulverized in presence of liquid nitrogen and then homogenized in 2.5 vol of 2.3 M sucrose containing 3.3 mM CaCl 2 -The homogenate was diluted 8 fold with the same solution, f i l t e r e d through four layers of cheese cloth and centrifuged at 50,000 xg for 60 min at 4°C. The nuclear pellet was suspended in 0.32 M sucrose-30% glycerol and centrifuged again at 700 xg for 10 min at 4°C. The final nuclear pellet was suspended in sucrose-glycerol solution and stored at -80°C. ONA was estimated by diphenylamine reaction 2 0 .
In Vitro RNA Synthesis
The standard reaction mixture in 100 yl volume contained 100 mM Tris-HCl 
Characterization of the RNA Synthesized In vitro
The RNA synthesized by the isolated nuclei after 180 min incubation was analyzed for i t s poly(A) content by oligo(dT) cellulose column chromatography 21 . Synthesis of Hg-RNA was determined by SH-agarose a f f i n i t y chromatography 18 and the RNA eluting in the bound fraction was also analyzed in a formamide sucrose gradient. The po1y(A)~ and poly(A) + RNAs were also characterized by sedimentation analysis in SDS-sucrose and formamide-sucrose gradients. The detailed procedures are given in appropriate figure legends. Table 1 shows that in the standard assay system containing unmodified CTP, incorporation of the radioactive precursor into an acid insoluble product at 180 min was dependent on the availability of template DNA (as indicated by actinomycin-D sensitivity) and also on the presence of all four ribonucleotides. Virtually all (98%) radioactivity was rendered acid soluble after incubation of the reaction product in 0.3 N KOH for 18 hr at 37°C. The U/G ratio of the reaction product was 1.66. In the Hg-CTP supplemented assay system [ 3 H]UMP incorporation was virutally abolished by actinomycin-D and nearly 70% of the reaction was inhibited by a-amanitin ( Table 2 ). The reaction was also dependent on the presence of Hg-CTP and 9656 of the acid insoluble radioactivity in the reaction product of Hg-CTP containing assay system was hydrolysable by pancreatic RNase and 0.3 N KOH.
RESULTS
RNA Synthesis in the Isolated
OHgo(dT) Cellulose and SH-agarose Column Chroma tographic Analysis of the RNA The RNA transcribed in vitro in the extended assay in presence of unmodified nucleotides was extractable by the phenol-chloroform method 6 * 23 .
Chromatography of the RNA on oligo(dT) cellulose affinity column showed that The RNA synthesized in presence of Hg-CTP was also analyzed before and after SH-agarose chromatography. In SDS-sucrose gradient the unfractionated RNA resolved into clear peak around 15S region, and aliquotes of the same RNA sample sedimented a little faster in a formamide-sucrose gradient (Figure 7) . Similar characterization of the SH-agarose bound Hg-RNA also showed a peak of radioactivity around 15S region, in a formamide-scurose gradient (Figure 8 ). 20 25 FRACTION NO.
FIGURE 5. SH-agarose chromatography of the RNA synthesized in presence of unmodified and Hg-CTP. The reaction condition was the same as described in Figure 3 except that the reaction volume was increased 10 fold and incubation was done for 40 min. RNA, synthesized in vitro, was extracted similarly as described in Figure 4 and dissolved in a buffer containing 50 mM NaCl-5 mM Tris-HCl, pH 7.5. The samples were heated at 65°C for 2 min, cooled rapidly and loaded on a 1 ml SH-agarose column (Agthiol™, P-L Biochemicals, Wisconsin) which was equilibrated at room temperature with 15 vol of TN buffer (100 mM NaCl-10 mM Tris-HCl pH 7.5). The column was f i r s t washed with 15 column vol of TN buffer and then with 10 vol of the same buffer containing 0.2 M 2-mercaptoethanol. The arrow indicates the position where the mercaptan containing buffer was added. Fractions (1 ml) were collected with a flow rate of 30 ml/hr and radioactivity in each fraction was determined as described in Figure 3 . The column was always regenerated before use by washing with 10 bed vol of a buffer containing 0.1 M Tris-HCl, pH 8.0-0.3 M NaCl-1 mM EOTA-20 mM DTT and stored at 4°C in the same buffer containing 0.02% sodium azide.
• 9 unmodified CTP; 0 0 Hg-CTP.
DISCUSSION
The results of the present assay system show that the lactating mammary cell nuclei are capable of incorporating [ formamide-sucrose gradients before fractionation on SH-agarose column. RNA was transcribed as described in Materials and Methods and extracted by the phenol-chloroform method as described 6 ' 23 . Mouse mammary ribosomal RNA was used as carrier. The treatment of the RNA, making of gradients and centrifugation were done as described in Figure 6 . 0.3 ml fractions were collected and counted in a Beckman LS 350 liquid scintillation system in toluene-triton X-100 liquid scintillation mixture.
RNA synthesis increases in presence of higher [ cellulose column at high ionic condition 21 . Since a detectable amount of RNA transcribed in the mammary cell nuclei binds to oligo(dT) cellulose, i t is conceivable that a portion of the RNA has completed the chain elongation step in vivo. Preliminary experiments on the incorporation of Y 32 P-GTP into RNA and subsequent release of 32 pppGp after KOH hydrolysis used as a measure of RNA chain initiation 2 7 have shown that a detectable amount of y 32 P-GTP was incorporated into RNA (data not shown), suggesting some RNA chain initiation in the extended mRNA transcripi tonal system. Similar qualitative evidence of RNA chain initiation was also observed in isolated hen oviduct nuclei during extended period of mRNA synthesis in vitro 12 .
Sucrose density gradient analysis of the oligo(dT) cellulose unbound and bound RNA, synthesized by the isolated nuclei further indicates that the structural integrity of the transcripts is sustained in the assay system. In SDS-sucrose gradient RNAs sedimenting faster than 28S is presumably due to RNA-RNA aggregation, because these faster sedimenting RNAs are not present when the RNA is analyzed under denaturing condition in presence of 703! formamide. A slightly faster sedimentation of the oligo(dT) cellulose bound RNA, more visible in the formamide-sucrose gradient, is possibly due to the poly(A) content of the RNA. The virutal absence of radioactivity on the top, as well as in the lower molecular weight zones of the gradients further indicates that the RNA is not degraded while synthesized or during the isolation procedure. In contrast, in assay systems derived from isolated nuclei of rat pituitary 11 , and hen oviduct 12 , addition of rat liver RNase inhibitor in the reaction mixture is essential to sustain extended RNA synthesis and/or to prevent degradation of the transcripts.
The characteristics of RNA synthesis in the isolated nuclei of the mammary cells in presence of Hg-CTP is similar to that observed in presence of unmodified nucleotides. Moreover, the pronounced a-amanitin sensitivity of the reaction clearly demonstrates a RNA polymerase I I directed Hg-RNA synthesis in vitro.
A recent report indicates that synthesis of Hg-RNA in isolated nuclei of mouse L-cell yields relatively smaller, 4S-1OS, molecular species of RNA 16 . In contrast the present results of formamide-sucrose gradient analysis demonstrate that the sizes of the RNA synthesized by the lactating mammary cell nculei both in presence of nonmodified and Hg-CTP are virutally similar, sedimenting mostly as 15S, and this corresponds to the molecular weight of the mouse casein mRNA 28 . The present results thus provide the f i r s t demonstration of abundant synthesis of large molecular size Hg-RNAs in a cell-free RNA synthesis system, derived from isolated nuclei of lactating mouse mammary cells.
Recent reports 11 *. 15 . 17 on the separation of in vitro synthesized Hg-RNA from endogenous nuclear RNA by SH-agarose (or -sepharose) chromatography and subsequent molecular hybridization of the Hg-RNA with cDNA to a specific mRNA have improved the feasibility of measuring specific gene transcription in vitro.
The results described in the present report demonstrate development of an in vitro RNA synthesis system in which isolated mammary cell nuclei also synthesize Hg-RNA which is mostly messenger-like. The Hg-RNA synthesized in this system includes RNA species of relatively large size, some of which correspond to the molecular weight of mouse casein mRNA. Casein mRNA sequences in the Hg-RNA synthesized in isolated nuclei have been detected by molecular hybridization with cDNA to casein mRNA. These results will be reported elsewhere.
